The sensitivity of different assay systems for detecting low concentrations of bluetongue virus (BTV) were compared. These assays included blind passage on baby hamster kidney (BHK-21) cells and on cattle pulmonary artery endothelial (CPAE) cells, immunoperoxidase staining of cells on multiwell slides, and cDNA/RNA hybridization of BTV infected cells. Nine serial lo-fold dilutions of a cell culture-adapted BTV serotype 11 were tested (each dilution was treated as a separate sample) in all assays. Visual inspection for cytopathic effects (CPE) during 3 passages in BHK-21 cells detected samples that contained ≥ 3 plaque forming units (PFU)/ml of BTV. Evidence of CPE during 3 passages in CPAE cells detected samples that contained ≥ 0.3 PFU/ml of BTV. A limit of detection (≥0.3 PFU/ml) was obtained faster by immunoperoxidase staining of BTV-inoculated CPAE cells on multiwell slides and incubated for 3 days. The cDNA/RNA hybridizations of CPAE and BHK-21 cells incubated for 2 or 3 days, respectively, with BTV dilution samples detected samples that contained ≥30 PFU/ml. Of the assay systems examined, immunoperoxidase staining of CPAE cells on multiwell slides inoculated with cell culture-adapted BTV was the most sensitive and fastest assay for definitive virus identification.
Bluetongue virus (BTV), an orbivirus, can cause distryptose phosphate broth. The CPAE cells were maintained ease in ruminants. 2 The recommended procedure for in minimum essential medium (MEM) with 15% FBS. All isolation of BTV from animals is inoculation of em-cells were incubated at 36 C with 5% CO, in humidified air. bryonating chicken eggs because field isolates of BTV are detected more frequently in this system than in other assay systems. 4 However, BTV does replicate in a variety of cell lines, 3, 7, 17 several of which have been used to isolate BTV from field specimens. 5, 14 In addition, cDNA probes and immunological reagents have been used to detect BTV. 1, 2, 12, 13, 15, 16 Because various diagnostic assays may not detect some BTV in field specimens because of low BTV concentrations, the sensitivities of several assay systems to detect virus were compared. The objective of this study was to measure the lowest BTV concentration detectable in a sample by 2 different blind passage assays, immunohistochemical, and cDNA/RNA hybridization procedures.
Virus. A BTV serotype 11 (Texas Station strain) that had been passed 14 times in cell culture (10 passes in lamb kidney cells, 4 passes in BHK-21 cells) was used for all experiments. The stock BTV, containing 3,000,000 plaque forming units (PFU)/ml, was diluted in 9 serial 10-fold dilutions in Hank's balanced salt solution for all assays except for the multiwell slide assay in which MEM was used as the diluent. Each of these virus dilutions (from the first l0-fold dilution [300,000 PFU/ml] to the ninth 10-fold dilution [0.003 PFU/ml]) and a virus-free diluent control was treated as a separate sample.
Passage in BHK-21 cells. Each BTV dilution sample (0.1 ml) was added to duplicate wells of sterile 8-well tissue culture plates containing 2 ml of BHK-21 cells (200,000 cells/ ml). The cells were observed for cytopathic effect (CPE) after 5 days of incubation. Two passages were each made after 5 days incubation by inoculating 0.1 ml of cells and media from 3 replicate wells of each sample onto duplicate wells which are reported to be more sensitive to BTV than BHK-ml) was added to 6 replicate wells of sterile 96-well plates to 21 cells. 17 The BHK-21 cells were maintained in Basal Me-which 0.1 ml of CPAE cells (300,000 cells/ml) was added dium Eagle's" with 10% fetal bovine serum (FBS), and 10% immediately. At 7 days of incubation, the cells were examined for CPE. Then, for each virus dilution sample, cells and media were harvested from 3 replicate wells and 0.05-ml
Materials and methods
From the US Department of Agriculture, Agricultural Research aliquots were inoculated into 6 wells with new CPAE cells. Service, Arthropod-borne Animal Diseases Research Laboratory, After 7 days, cells were examined for CPE, and the well ml) were placed into duplicate wells of 8-well tissue culture plates. Each well received Vero cells, and the plates were incubated for 3 hr. The supernatant fluid was aspirated, and a solution of medium-low temperature gelling agarose b was added. After 6 days incubation, monolayers were fixed with formalin and stained with crystal violet. The plaques were counted, and titers were calculated.
Immunoperoxidase staining. Cells (either CPAE cells or BHK-21 cells) were added to wells of 3 12-well slides c coated with adhesive protein. d Cells were incubated for 3 hr or 18 hr (for BHK-21 and CPAE cells, respectively) to permit monolayer formation. Each BTV dilution sample was added to wells on each slide, and the slides were incubated. At 24. hr intervals, 1 slide of each cell type was observed for CPE, fixed with 95% ethanol, and stored at -20 C. All slides were stained for BTV antigen using a commercial biotin-avidin immunoperoxidase staining kit, e following the manufacturer's instructions. A rabbit antibody to BTV serotype 11 f diluted 1:500 was the primary antibody. Wells that contained at least 1 cell that stained positive for BTV were recorded as positive; wells with no positive-staining cells were recorded as negative.
Dot-blot hybridization. Each BTV dilution sample was
added to replicate wells of 96-well tissue culture plates to which CPAE or BHK-21 cells were added. Replicate wells for each virus dilution sample were observed daily for 3 days and harvested after the addition of sodium dodecyl sulfate (SDS) to a final concentration of 1% SDS. Each sample was extracted with phenol, phenol/chloroform/isoamyl alcohol (24:24:1), and then with ether. After ethanol precipitation, the samples were resuspended in TE buffer (10 mM Tris-HCl, 1 mM Na 2 EDTA, pH 8). Samples were adjusted to 0.05 N NaOH, incubated for 10 min at 37 C, neutralized with an equal volume of 2 M NH 4 OAc, and loaded onto a nylon 0.45-µm filter. g The filter was rinsed briefly in 6 x sodium chloride-sodium citrate (SSC; 0.15 M NaCl, 0.15 Na citrate) and baked at 80 C for 1 hr.
The cDNA probe for segment 3 of BTV-17 13 was labeled with 32 P using a commercial nick translation kit. h Probes for all membranes (days 1, 2, and 3) were made simultaneously and combined to ensure that the same specific activity (10 6 counts/min&g DNA) was used. The hybridization conditions have been described 12,13 except that the stringency of hybridization and of washing conditions was maintained at T m -36 C. Briefly, both prehybridization (2 hr) and hybridization (16 hr) were performed in the same buffer (50% formamide, 5 x SSC, 1% SDS), 100 µg/ml denatured salmon sperm DNA, and 0.4% each of polyvinyl-pyrrolidone, Ficoll, and bovine serum albumin. The first washes, consisting of 0.1 x SSC, were performed at 37 C for 15 min twice. The filters were exposed to X-ray film at -70 C with intensifying screens. The entire procedure from harvest of well contents to obtaining results took 2 days.
Results
When inoculated cultures were passaged in BHK-21 cells, CPE was detectable after 5 days incubation in wells that had received the first 4 serial lo-fold BTV dilution samples (300,000 PFU/ml to 300 PFU/ml) ( Table 1) . After the second passage in BHK-21 cells, CPE was evident in wells inoculated with the fifth 10fold dilution (30 PFU/ml). At the end of 3 passages, CPE was observed in wells inoculated with the sixth 10-fold BTV dilution sample (3 PFU/ml). In this assay, CPE was apparent only in wells that were inoculated with sufficient BTV to multiply to ≥70,000 PFU/ml (Table 1) .
When the samples were passaged in CPAE cells maintained in 96-well plates, CPE was present after 7 days incubation in wells that received the first 7 serial IO-fold BTV dilutions (300,000 PFU/ml to 0.3 PFU/ ml). No further evidence of BTV infection was seen after the second or third passages.
When the BTV dilution samples were incubated on multiwell slides with CPAE cells, CPE was visible after 24 hours incubation in wells that received the first 4 serial lo-fold dilution samples (300,000 PFU/ml to 300 PFU/ml). Increasing the length of incubation to 2 days permitted detection of CPE in wells that received the first 6 10-fold dilutions (≥3 PFU/ml). Three days of incubation did not enhance CPE. Immunoperoxidase staining for BTV antigen was positive in CPAE cells that had been incubated for 24 hours with the first 6 serial lo-fold BTV dilution samples (≥3 PFU/ ml). The BTV antigen was detected in CPAE cells that were incubated for 3 days with the first 7 serial dilution samples (≥0.3 PFU/ml). Immunoperoxidase staining of BHK-21 cells on multiwell slides inoculated with the serial l0-fold BTV dilution samples was positive for BTV antigen in wells that were incubated for 3 days with the first 5 l0-fold dilutions (≥ 30 PFU/ml).
Positive hybridization signals were obtained consistently from CPAE cells incubated 24 hours with the first 2 10-fold BTV dilution samples (300,000 to 3,000 PFU/ml). In CPAE cells incubated 48 hours, BTV was detected consistently in the first 4 serial IO-fold dilutions (≥30 PFU/ml) ( Fig. 1) . No further increase in sensitivity was noted in inoculated CPAE cells harvested 72 hours after incubation. A similar degree of sensitivity (≥30 PFU/ml) was obtained with inoculated BHK-21 cells, but, compared with results with CPAE cells, an additional 24 hours of incubation was required.
Discussion
All assay systems detected BTV in cells inoculated with cell culture-adapted BTV serotype 11 containing ≥ 30 PFU/ml; some systems detected as little as ≥0.3 PFU/ml. Detection of CPE during 3 blind passages in BHK-21 cells occurred only in wells in which BTV replicated to concentrations of more than 40,000 PFU/ ml. A similar pattern of BTV concentration with CPE has been reported for BTV serotypes 1 and 20. 9 Compared with the sensitivity of 3 passages of BTV in BHK-21 cells (3 PFU/ml), the sensitivity of BTV detection by CPE was increased lo-fold after passage in CPAE cells. The ability of the assay to detect virus in a concentration of < 1 PFU/ml is remarkable, especially when less than 1 ml of sample was inoculated. This finding is explained by comparing the different methods in which the virus was titrated. When the titer of the stock virus was measured in 50% tissue culture infectious doses (TCID 50 )/ml 8 in CPAE cells, the log 10 TCID 50 /ml titer was 7.8; 1.3 logarithm higher than the BTV titer expressed as log 10 PFU/ml (6.5). Therefore, a BTV sample with a titer of 0.3 PFU/ml contained about 40 TCID 50 /ml.
Bluetongue virus was detected after blind passage in CPAE cells in 96-well plates and in immunoperoxidase-stained CPAE cells grown on multiwell slides inoculated with each of the first 7 10-fold serial dilutions of BTV. However, the immunohistochemical staining confirms the presence of BTV which is only inferred by the presence of CPE.
The dot-blot assay was the least sensitive of the assay systems examined, detecting BTV dilution samples containing ≥30 PFU/ml. A limit of detection of 10 PFU/ml has been reported 15 in a sample volume 20 times greater than that used in this study. Although the dot-blot procedure was less sensitive than visual observation for CPE, it confirmed the presence of BTV, as did the immunohistochemical staining.
The 2 most sensitive assay systems tested were CPE during passage of BTV in CPAE cells in 96-well plates and immunoperoxidase staining of CPAE cells on multiwell slides. The assay using multiwell slides took less time (3 days) than the passage assay (7 days) for equal level of BTV detection. Additionally, the immunoperoxidase staining for BTV antigen confirmed the presence of BTV. Bluetongue virus has been demonstrated by immunoperoxidase staining of sheep tissues,' but this method has not been used for BTV diagnostic purposes. Because a positive immunoperoxidase reaction is stable for years and can be read with an ordinary light microscope, this procedure can be useful in laboratories interested in detecting BTV.
